Aim: This study was aimed to review and establish the practice of exchange transfusion (ET) with whole blood reconstituted (WBR) in hemolytic disease of newborn (HDN). Objectives: To observe fall in indirect serum bilirubin, correction of anemia and comparison with related studies. Background: Hemolytic disease of the Newborn is characterized by presence of IgG antibodies in maternal circulation, which causes hemolysis in the fetus by crossing the placenta and sensitizing red cells for destruction by macrophages in the fetal spleen with consequent hyperbilirubinemia. Exchange transfusion with or without phototherapy is the method of choice for treating the newborn with on going hemolysis Methods/Materials: Sample size consisted of 110 neonates in whom 119 exchange transfusions were carried out with WBR. WBR was prepared by suspending O Rhesus-D (RhD) positive/negative cells (compatible with neonate's/ mother's serum) in AB plasma. Double volume exchange transfusion(s) were carried out through umbilical vein by push-pull technique. Results: Out of 110 cases, 61 (55.5%) were of RhD HDN whereas ABO and other group HDN cases were 30 (27.3%) and 19 (17.3%) respectively. An average post-ET fall in indirect serum bilirubin by 54.6% and correction of anemia by 3.7 gm/dl were reported in the study. Conclusion: An average post-ET fall in indirect serum bilirubin and correction of anemia was found to be more significant when compared to other studies. Hence we recommend exchange transfusion in HDN with WBR to obtain reasonable fall in indirect serum bilirubin and high average rate of correction of anemia.
Introduction
Hemolytic disease of the Newborn (HDN) is characterized by presence of IgG antibodies in maternal circulation, which causes hemolysis in the fetus by crossing the placenta and sensitizing red cells for destruction by macrophages in the fetal spleen with consequent hyperbilirubinemia [1] . Early detection and treatment of neonatal hyperbilirubinemia is important in prevention of bilirubin-induced encephalopathy [2] . It is classified as RhD HDN, ABO HDN and HDN due to other blood group antibodies (non-ABO, non-RhD) according to the specificity of causative IgG antibodies. RhD incompatibility is still the most common cause of HDN, although other RBC incompatibilities are increasing in incidence [3] . Exchange transfusion with or without phototherapy is the method of choice for treating the newborn with on going hemolysis. Exchange transfusion (ET) removes indirect serum bilirubin, circulating mother's antibodies and antibody-coated neonate's red blood cells (RBCs) from the circulation and provides RBCs compatible with neonate's serum and albumin with new bilirubin binding sites [4] . For exchange transfusion in HDN, whole blood either compatible with neonates' serum or mother's serum is commonly used [5] . Present study was undertaken by whole blood reconstituted for exchange transfusion in all three groups (present study includes only the immunogenic causes of HDN), i.e.; 1) RhD HDN group; 2) ABO HDN group; and 3) Other group HDN. The objecttive of this study is to establish the role of practicing whole blood reconstituted (WBR) for exchange transfusion (ET) in hemolytic disease of newborn (HDN). 2) ABO HDN group-Where mother was of O group and neonate was A 1 /A 2 /B/ciss-AB group and IgG antibodies of ABO group were detected in neonates.
Material and Methods
3) Other Blood group HDN (Non-ABO, Non-RhD)-where DCT and ICT in neonates and ICT in mother were positive by using polyspecific coomb's serum.
Other laboratory investigations carried out are hemoglobin (Hb), hematocrit, peripheral smear, reticulocyte count in neonates and ABO and RhD status of father if not done during pregnancy.
All blood products were acquired from relative/voluntary donors and underwent routine screening for infectious agents as per guidelines of Food & Drug Administration Government of India. The whole blood reconstituted was prepared in Blood Bank by standard method of preparation of component i.e. centrifugation and separation method by separating and mixing of Fresh Plasma (FP)/Fresh Frozen Plasma (FFP) and Packed RBC (PC)/ Leuco-reduced RBCs (LC)/Saline Wash RBC (SC) [6] . The fresh plasma is liquid portion of anticoagulated blood remaining after separation from the cellular component, fresh frozen plasma is the plasma separated from whole blood frozen within 6 hours of collection and stored at -20˚C and below, leuco-reduced RBCs prepared by discarding the buffy coat from the packed RBC and saline wash RBCs are obtained by washing the packed RBCs with isotonic normal saline thrice. Irradiated RBCs (Leuco-depleted RBCs) were not used in this study due to limited facilities. Freshly collected, whole blood (within 6 hours of collection) was used for preparation of PC/LC/SC. The volume of whole blood reconstituted (WBR) for double volume exchange transfusion was calculated as twice the blood volume of neonate (2 × 85 ml/kg = 170 ml/kg) [7] and volume of PC/LC/SC and FFP/FP was calculated as [8] .
Total The hematocrit of the WBR is adjusted to the range of 45% to 60% depending on the desired end result. Higher range is being used for correction of severe anemia [9] .
WBR was prepared by suspending O RhD positive/ negative cells (PC/LC/SC) in AB plasma (FP/FFP) and was supplied for ET. In RhD HDN; O RhD negative cells [10] , in ABO HDN; O RhD positive/negative cells (depending on the RhD status of neonate), while in other group HDN (non-ABO and non-RhD); ICT cross matched O positive/negative Cells (depending on the RhD status of neonates) were used. Under all aseptic precautions exchange transfusion(s) were carried out through the umbilical vein under antibiotic coverage in pediatric department by push-pull technique [11, 12] . Blood exchange in each cycle varied with weight, maturity and general condition of neonates. In the present study the volume of the WBR used for exchange transfusion was calculated as 160 ml/kg in term neonates and 180 ml/kg in preterm neonates [12] that was 170 ± 10 ml/kg. Single and double surface phototherapy was given to all the patients before and after exchange transfusion. Post-ET blood sample was collected for estimation of hemoglobin, hematocrit, and indirect serum bilirubin and to perform ICT & DCT. Post-ET fall in indirect serum bilirubin and correction of anemia was observed in all cases.
Subjects Studied
110 newborns, those diagnosed as Hemolytic disease of newborn (HDN) were subjected for study. Exchange transfusion (ET) with whole blood reconstituted (WBR) and double surface phototherapy were given.
Results
Present study was conducted on 110 cases of HDN in whom 119 exchange transfusions were performed by whole blood reconstituted (WBR). Out of these 110 cases, in 101 cases (91.8%) ET was performed once while in 9 cases (8.2%) where pre-ET indirect serum bilirubin was above 40 mg/dl ET was performed twice. Out of these nine cases, 8 cases belonged to RhD HDN (88.8%) and one case was of other blood group HDN (11.2%). In this study average age of neonate was 4 days (range 2 -9 days), average weight of neonate was 2160 gm (range 1100 -3100 gm), average volume of WBR used was 342 ml (range 180 -480 ml) ( Table 2) .
Post-ET percentage fall of indirect serum bilirubin among different groups was 55.7% in RhD HDN, 54.1% in ABO HDN and 51.8% in other group HDN (Figure 1 ) while average increase in Hb was 3.7 gm/dl in RhD HDN, 3.8 gm/dl in ABO HDN and 3.6 gm/dl in other group HDN (Figure 2) .
Two newborns of RhD HDN died due to inborn complications, one had neonatal septicemia and other was a preterm, low birth weight baby with respiratory infection. This constituted only 3.2% case fatality rate among RhD HDN cases and 1.8% death rate in this study. In the present study septicemia following ET by WBR was not observed.
Discussion
Present study was conducted to observe the usefulness of whole blood reconstituted (WBR) in exchange transfusion in hemolytic disease of newborn (HDN). Other authors also reported usefulness of WBR over whole blood and component therapy for pump priming in heart surgery in infants [13, 14] . In ABO-HDN, red cells for exchange transfusion must be of O group and re-suspended in AB plasma or O group whole blood with low Anti A, Anti B titer [7, 9] . Since author(s) have encountered several severe to fatal hemolytic reactions in ABO HDN cases during ET by O group whole blood, we preferred WBR as a better and safe option. In RhD HDN and other group HDN; O cells are preferred over neonates ABO group cell [15] because of the fact that ABO blood group antigens are not fully developed in newborns [16] and sub-groups of A and B antigens are frequently encountered. We have used AB plasma for WBR to prevent the transfusion of ABO antibodies, which was not yet developed in neonates [17] . Leuco-reduction helps in preventing most of the febrile reactions, although it is doubtful that it can prevent post transfusion graft verses host disease, as the dose of lymphocytes needed for that is not known [18] . The use of fresh red cells (with in 6 hours of collection) is to ensure the longer survival of transfused RBCs.
In this study, RhD-HDN was the leading cause of HDN with 61 cases (55.5%) while incidence of ABO-HDN and other group HDN (non ABO non RhD) was on an increasing pattern [3] , which constituted, 30 cases (27.3%) and 19 cases (17.3%) respectively. Average age of neonate was 4 days and average weight was 2160 gm. In previous studies average age and weight were not described. Post-ET fall in hemoglobin was not registered in present study against an average 20% fall registered in previous studies [15, 19, 20] . In the present study we observed an average increase of Hb by 3.7 gm/dl with an In 61 cases of RhD HDN where pre-ET indirect serum bilirubin was 20.6 -45 mg/dl, average post-ET indirect serum bilirubin fall was by 55.7%, which was more than comparable studies i.e. 50% and 51.7% respectively [15, 21] . In 30 cases of ABO-HDN where range of pre-ET indirect serum bilirubin was 16.2 -29.4 mg/dl, average post-ET indirect serum bilirubin fall was by 54.1%, which was comparable to our previous study in which it was 54.3% [15] .
Third group was of other blood group HDN categorized as non-RhD and non ABO HDN, where other blood group irregular antibodies in the mother's serum were detected by indirect coomb's test (ICT) and corresponding antigen present on neonate RBCs were detected by DCT & ICT using polyspecific Coomb's serum. Other than RhD and ABO antibodies, the most common and significant antibodies causing HDN are RhC, Rhc, RhE, [18] . As our centers have no facilities to specify these antibodies, these cases were grouped under non-ABO and non-RhD cases. Total number of such cases was 19 in which pre-ET indirect bilirubin was 19.3 -40.4 mg/dl. The post-ET average fall in indirect bili-rubin was by 51.8%, which was better than our previous study in which it was 50% [15] .
In all cases mean fall of indirect serum bilirubin was 54.6%, which is better than that documented in literature [15, 21, 24] in which fall in indirect serum bilirubin was, 50%, 51.9% and 52% respectively.
ET was carried out on neonates, who were full term healthy/pre-term/ill neonates and few had associated complications. Two deaths of RhD HDN reported in the study comprised of 3.2% case fatality in this group and 1.8% death rate in the entire study, which is marginally lower than other study done by Jackson JC. [25] where they have two deaths out of 106 cases (1.88%).
Author(s) used whole blood reconstituted (WBR) instead of whole blood and preferred O group cells to neonate's ABO group cells [26] . However, the study conducted in Iran [27] concluded that ET with whole blood reconstituted or fresh whole blood was safe and efficient method for reducing hyperbilirubinemia. The concept of WBR is immunologically valid and can be transfused irrespective of the ABO group of neonate and mother. This concept is easy to understand, simple to follow and desired results are better than whole blood. The immunological complications and risks are very low and HCT, volume and leuco-reduction of WBR can be adjusted as per the requirement of the newborn.
Conclusions
WBR is immunologically much safer and better than whole blood for purpose of exchange transfusion in HDN because of its superiority in minimizing transfusion reactions and in achieving all the therapeutic effects of exchange transfusion in better way, viz.
1) Removal of indirect serum bilirubin, circulating mother's antibodies and sensitized RBC of neonates from circulation.
2) Better and safe survival of transfused RBC.
3) Percentages fall in indirect serum bilirubin. 4) Post ET correction of anemia.
Results of present study are encouraging as an average fall in indirect serum bilirubin is 54.6%, an average increase of Hb by 3.7 gm/dl, survival of transfused RBCs is 100%, removal of sensitized RBCs and circulating mother's antibodies is by 85% -90% (double volume exchange transfusion), hence we recommend that exchange transfusion in HDN should be carried out by whole blood reconstituted (WBR), provided that aseptic precautions are maintained during preparation and reconstitution of the blood components.
